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Q fever is a zoonosis caused by Coxiella burnetii, a bacterium largely carried by ruminants and shed into milk,
vaginal mucus, and feces. The main potential hazard to humans and animals is due to shedding of bacteria that
can then persist in the environment and be aerosolized. The purpose of this study was to evaluate shedding
after an outbreak of Q fever abortion in goat herds and to assess the relationship with the occurrence of
abortions and antibody responses. Aborting and nonaborting goats were monitored by PCR for C. burnetii
shedding 15 and 30 days after the abortion episodes. PCR analysis of all samples showed that 70% (n � 50)
of the aborting and 53% (n � 70) of the nonaborting goats were positive. C. burnetii was shed into vaginal
mucus, feces, and milk of 44%, 21%, and 38%, respectively, of goats that aborted and 27%, 20%, and 31%,
respectively, of goats that delivered normally. Statistical comparison of these shedding results did not reveal
any difference between these two groups. PCR results obtained for the vaginal and fecal routes were concordant
in 81% of cases, whereas those for milk correlated with only 49% of cases with either vaginal or fecal shedding
status. Serological analysis, using enzyme-linked immunosorbent assay (ELISA), indirect immunofluorescence
assay (IFA), and complement fixation tests, showed that at least 24% of the seronegative goats shed bacteria.
Positive vaginal and fecal shedding, unlike positive milk shedding, was observed more often in animals that
were weakly positive or negative by ELISA or IFA. Two opposite shedding trends were thus apparent for the
milk and vaginal-fecal routes. Moreover, this study showed that a nonnegligible proportion of seronegative
animals that delivered normally could excrete C. burnetii.

Q fever is a public health concern throughout the world (28,
29). The agent of this disease, Coxiella burnetii, is a highly
infectious bacterium which is strictly intracellular and pos-
sesses an adaptive pathway differentiating into dormant sur-
vival forms during starvation (13, 25, 26). Humans contract
infection mainly through inhalation of the infectious aerosols,
which can resist various conditions and be spread. Primary
sources of C. burnetii include birth products, vaginal secretions,
milk, and feces of infected domestic ruminants. Evidence that
C. burnetii is a food-borne pathogen was obtained in experi-
ments where contaminated milk was fed to volunteers, causing
seroconversion but any clinical disease (5, 12, 22). In fact,
vaginal and fecal bacterial discharges seem to have a major
impact on environmental contamination as a result of practices
at kidding and effluent management. The well-known clinical
manifestations are abortion, stillbirth, and premature delivery
in ruminants. Although most wild animals and domestic spe-
cies have persistent infections, high rates of abortion and still-

birth have been observed in goat herds (2, 9, 10, 24, 27, 38).
Numerous studies have suggested that epizootics of Q fever in
goats are related to cases of this disease in humans (19, 20,
35–37).

Our understanding of C. burnetii shedding modalities in ru-
minants requires improvement to allow the implementation of
rational prophylactic measures (2, 23, 33). Studies are cur-
rently limited due to a lack of simple and sensitive detection
tools. Initial investigations were carried out on Q fever abor-
tions by identifying the causal agent, by isolation in laboratory
animals and presumptive bacterial staining on smears, and/or
by demonstration of an antibody response, using complement
fixation tests (CFTs) or agglutination tests (23). Advances in
PCR detection and enzyme-linked immunosorbent assay
(ELISA) serological tests later helped to better describe the
characteristics of bacterial shedding routes and the antibody
response during both experimental and natural infections (2–4,
11, 16). Experimental reproduction of the disease in goats is
recent (3, 4, 34). C. burnetii inoculation led to abortions in
almost all pregnant females, particularly during the end of
gestation, as in naturally infected animals. Shedding of C. bur-
netii in vaginal mucus, feces, and milk lasted 1 to 5 weeks, 2 to
5 weeks, and 1 day to 6 weeks, respectively (3). In addition,
goats that had aborted or delivered normally in naturally in-
fected herds shed the bacteria (9, 10, 18). However, each of
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these C. burnetii shedding studies conducted under field con-
ditions was carried out with a single herd of goats. Moreover,
the interpretation of the serological test results can be ques-
tioned because of the seronegative response of several abort-
ing goats experimentally infected with C. burnetii (3, 4).
Recently, diagnostic test performances were compared and
monitored for eight clinically infected dairy goat herds (32).
One CFT exhibited poor sensitivity, whereas results obtained
using an ELISA and an indirect immunofluorescence assay
(IFA) were significantly associated with abortion above the
cutoffs of 80% optical density (OD) and a titer of 80, respec-
tively. Good agreement was obtained between the ELISA and
IFA serological results. However, the tests at the individual
level were poorly indicative of Q fever abortion because a
relevant proportion of nonaborting goats presented high anti-
body levels and close to 20% of aborting goats did not (32).
Also, the occurrence of C. burnetii shedding in some seroneg-
ative animals, even using experimentally infected goats and
PCR and ELISA tests, means that the serological screening of
infected animals is problematic (1, 4, 8, 11, 14, 16, 17). Actu-
ally, among results derived from postabortion investigations of
naturally infected ruminants, the relationships between abor-
tion events, bacterial shedding, and antibody responses have
never been assessed statistically, apart from recent studies with
dairy cows (15, 16).

The present study aimed at providing epidemiological infor-
mation, using available diagnostic tools, to appreciate the C.
burnetii shedding prevalence in eight herds of goats with cases
of Q fever abortions. A high prevalence of strong antibody
responses suggested extensive bacterial circulation within these
herds (32). In this study, the objective was first to describe the
proportions of animal shedders among those having aborted or
not, considering the three shedding routes. Secondly, potential
relationships were investigated between shedding routes and
serological results in order to contribute to testing strategies
for identification of shedding animals in this type of herd. The
shedding of C. burnetii was tested using PCR detection applied
to vaginal, fecal, and milk samples collected from goats 15 and
30 days (D15 and D30, respectively) after abortion or accord-
ing to the expected dates of parturition. The present data were
obtained from the same 120 monitored animals, for which
blood samples were collected at D15, D30, and D60 and sero-
logical results were recently reported (32).

MATERIALS AND METHODS

Herds and goats investigated. Eight herds of dairy goats were recruited and
120 goats were selected for examination as previously presented (32). Briefly, the
sizes of herds ranged between 90 and 390 goats, except for one herd with 39
goats. A herd was included in the protocol if at least five goats had aborted due
to Q fever and if neither a Q fever event nor vaccination against Q fever had been
reported during the three previous years. In each herd, targeted animals were 5
aborting goats and 10 nonaborting goats. The latter were chosen by taking into
account the parity status (multiparous or primiparous) of the selected aborting
goats within the herd. The targeted nonaborting animals were five goats at
full-term gestation and five goats during the final month of gestation, regardless
of the date of parturition calculated from that of covering. A total of 50 females
that aborted and 70 that delivered normally were monitored, as 10 of the selected
pregnant goats eventually aborted.

Sampling. Samples of blood, vaginal mucus, feces, and milk were concomi-
tantly collected from each selected goat at D15 and D30, with D0 being the
abortion peak for the aborting animals and either parturition or the last gestation
month for the nonaborting animals. Vaginal mucus samples were taken from

inside the vagina with a dry, sterile cotton wool swab (10 cm). At least 1 g of feces
was taken directly from the rectum into a sterile container. At least 5 ml of milk
was sampled aseptically into a sterile container. The samples were transported to
the laboratory in a biosafety container at 4°C. The samples were then frozen at
�20°C for subsequent analysis.

Serological tests. Sera were tested for specific anti-C. burnetii antibodies by use
of three serological tests as previously described (32), including an ELISA Chekit
Q fever test (Idexx Laboratories, Broomfield, CO), an IFA (Coxiella burnetii Spot
IF; bioMerieux SA, Marcy-l’Etoile, France), and a CFT using the C. burnetii
antigen provided by Symbiotics Europ (Lyon, France). Analytical results were
interpreted using the cutoffs recommended by the manufacturers (%OD of �50
for ELISA, titer of �80 for IFA, and titer of �10 for CFT). The D15 and D30
results were combined for each test and for each goat to compute an individual
serological profile, which was either seronegative (repeated negative results) or
seropositive (positive results for at least one of the paired samples, showing
either a seronegative or seropositive conversion).

PCR assay. Samples were processed for PCR assay by established protocols (6,
7). Briefly, each vaginal swab was resuspended in 1 ml of physiological saline
solution. Total DNA was extracted from 200 �l of vaginal suspension, 20 mg of
feces, or 100 �l of milk by use of a QIAamp tissue kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The PCR was carried out with 2.5
�l of purified DNA in a total volume of 25 �l in an automated DNA thermal
cycler (UNO Thermobloc; Biometra, Gottingen, Germany). PCR products (687
bp; 10 �l) were analyzed by electrophoresis on a 1.5% agarose gel, stained with
ethidium bromide, visualized under a UV transilluminator, and photographed.
For a given shedding route, a goat was considered to be a positive shedder if at
least one sample was PCR positive, whatever the day (D15 or D30), and to be a
negative shedder if neither of the two samples was PCR positive. For a given day,
a goat was defined as a C. burnetii positive shedder if at least one of the available
samples was PCR positive, whatever the shedding route (vaginal mucus, feces, or
milk), and otherwise was considered a negative shedder.

Statistical analyses. For the eight monitored herds, PCR results for bacterial
shedding in vaginal mucus, feces, and milk were available at both D15 and D30
for 120, 60, and 93 goats, respectively. PCR results for bacterial shedding in feces
and milk were available for only one of the two sampling times for 15 and 25
goats, respectively. In other words, shedding data at D15 and/or D30 for vaginal
mucus, feces, and milk were obtained for 120, 75, and 118 goats, respectively.
Serological data for three different tests were achieved at both D15 and D30 for
all 120 selected goats.

Statistical analyses were done using R (30). The results were computed for
aborting and nonaborting animals. The associations between D15 and D30 PCR
results, as well as the shedder proportions, were tested using Fisher’s exact test.
The coincidence (or the mutual exclusion) of the three routes was assessed by
paired comparisons, with the association being tested using Fisher’s exact test.
The shedding status for each route and for each individual was compared with
the respective serological profile. The strength of the association was quantified
by computing the odds ratios (OR) and 95% confidence interval (CI). Finally,
the association between serological and PCR results was studied quantitatively
from the variations in the proportions of PCR-positive results according to titer
(IFA and CFT) or %OD (ELISA). Four groups of goats were defined for each
serological test, using the 25th, 50th, and 75th percentiles of the titers or %OD
distribution. The proportions of PCR-positive results by group were then com-
puted and tested using a �2 test for trends in proportions.

RESULTS

Coxiella burnetii shedding in vaginal, fecal, and milk sam-
ples, detected by PCR. Seventy percent (n � 50) of the abort-
ing goats and over one-half (53%; n � 70) of the nonaborting
goats yielded at least one PCR-positive sample during the
study and were thus classified as positive shedders (Table 1).
These two percentages were not significantly different. C. bur-
netii was shed into 21%, 38%, and 44% of the fecal, milk, and
vaginal samples, respectively, from the aborting goats. Among
goats that delivered normally, each of the three routes pre-
sented a percentage of PCR-positive results that was close to
25%. The percentages of PCR-positive results for each route
did not differ significantly between aborting and nonaborting
goats.
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Among the aborting goats, two positive PCR results were
obtained for 23% (n � 22), 30% (n � 7), and 21% (n � 19) of
the vaginal mucus, feces, and milk samples, respectively.
Among the goats that delivered normally, 16% (n � 19) of the
vaginal mucus samples and 38% (n � 21) of the milk samples
were PCR positive at both sampling times. None of the animals
(n � 8) presented positive paired fecal samples. Regarding the
shedding route, no significant association was found between
D15 and D30 PCR-positive results for aborting or nonaborting
goats for which both PCR results were available.

Comparison of the three shedding routes. A significant as-
sociation was found between vaginal and fecal shedding (Table
2) for both the aborting (Fisher’s exact test; P � 0.007) and
nonaborting goats (Fisher’s exact test; P � 0.0001). For the 75
animals tested for both vaginal and fecal shedding during the
study, two positive PCR results were obtained for 14 goats and
two negative PCR results were obtained for 47 goats, showing
that 81% of the goats exhibited a concordant individual shed-
ding status. Moreover, 13 of the 14 goats with a discordant
status were PCR positive for the vaginal swab and PCR neg-
ative for the fecal sample, while one gave a PCR-negative
vaginal swab and a PCR-positive fecal sample. Thus, except for
one goat, bacterial shedding occurred systematically in the
vaginal tract when positive fecal shedding was observed (but
not the contrary).

No significant association was found between bacterial shed-
ding in milk and that in the vaginal mucus or feces (Fisher’s
exact test; P � 0.05). The status of half of the animals was

concordant and that of the other half was discordant in both
populations (Table 2). Furthermore, when negative shedders
for both routes were discarded from the analysis, most goats
were of discordant status, including 61 of 71 animals (86%) for
the vaginal-milk shedding comparison and 38 of 43 animals
(88%) for the feces-milk shedding comparison. Thus, few an-
imals simultaneously excreted C. burnetii via both the milk
route and the vaginal or fecal route.

Both categories of goats most frequently exhibited concomitant
vaginal and fecal shedding status, whereas the milk shedding
status was rarely associated with either of the other two routes.

Relationships between shedding routes and serological re-
sponses. Among the 72 goats with positive shedding status (at
least one positive PCR sample), 25, 24, and 39% were sero-
negative according to the ELISA, IFA, and CFT analyses,
respectively (Table 3). For nonaborting animals, positive shed-
ding in the milk was positively linked with the IFA serological
profile (Fisher’s exact test; P � 0.02), as the shedding status of
60% of the animals (n � 68) was concordant with the IFA
profile, i.e., 17 were seropositive and positive shedders and 24
were seronegative and negative shedders. The corresponding
OR was significantly more than 1 (OR � 4.3; 95% CI, 1.2 to
20.4), indicating a larger proportion of positive shedders
among animals with a positive serological response by IFA.
Moreover, a significant association was found between positive
vaginal shedding and serological profiles with both ELISA
(Fisher’s exact test; P � 0.01) and IFA (Fisher’s exact test; P �
0.03). The vaginal shedding status, unlike the milk shedding-
IFA profile association, of most of the nonaborting goats did
not concord with the respective serological profile, i.e., there
was 70% (n � 70) and 66% (n � 70) concordance with ELISA
and IFA, respectively. Consequently, the corresponding ORs
were significantly less than 1 for both ELISA (OR � 0.23; 95%
CI, 0.06 to 0.77) and IFA (OR � 0.30; 95% CI, 0.08 to 0.99),
indicating a negative association. In fact, positive vaginal shed-
ding seemed to be more frequent for nonaborting animals
when the individual ELISA or IFA serological profile was

TABLE 1. PCR results for samples taken from aborting and
nonaborting goats and tested for the presence of

Coxiella burnetii DNA

Animal category Shedding
route

No. of positive samples/total no. of
samples tested (%)

D15 D30 Any daya

Aborting goats Vaginal mucus 20/50 (40) 7/50 (14) 22/50 (44)
Feces 5/34 (15) 3/29 (10) 7/34 (21)
Milk 11/43 (26) 9/49 (18) 19/50 (38)
Any routeb 25/50 (50) 16/50 (32) 35/50 (70)

Nonaborting goats Vaginal mucus 14/70 (20) 8/70 (11) 19/70 (27)
Feces 5/41 (12) 3/31 (10) 8/41 (20)
Milk 6/53 (11) 17/66 (26) 21/68 (31)
Any routeb 21/70 (30) 22/70 (31) 37/70 (53)

a Goats for which at least one sample tested PCR positive throughout the
study.

b Goats that tested positive for at least one shedding route.

TABLE 2. Comparison of Coxiella burnetii shedding routes in
aborting and nonaborting goats assessed by PCR

Shedding route paira

No. of goats

Aborting Nonaborting

� � � � � � � � � � � � � � � �

Vaginal mucus–feces 17 7 10 0 30 7 3 1
Vaginal mucus–milk 15 6 16 13 33 4 15 17
Feces–milk 13 2 5 14 19 3 5 14

a �, goats from which at least one sample tested PCR positive throughout the
study; �, goats from which all of the samples tested PCR negative throughout
the study. According to the order of the names in the considered sample pair, the
first sign of the shedding route pattern corresponds to the first sample type and
the second sign corresponds to the second one.

TABLE 3. Comparison of Coxiella burnetii shedding routes assessed
by PCR with ELISA, IFA, and CFT serological profiles

for aborting and nonaborting goats

Serological
profilea

Shedding
routeb

No. of goatsc

Aborting Nonaborting

� � � � � � � � � � � � � � � �

ELISA Vaginal mucus 3 20 25 2 14 7 37 12
Feces 1 6 26 1 9 4 24 4
Milk 5 19 26 0 20 16 27 5
Any route 3 33 12 2 10 21 23 16

IFA Vaginal mucus 4 20 24 2 17 7 34 12
Feces 2 6 25 1 12 4 21 4
Milk 6 19 25 0 24 17 23 4
Any route 4 33 11 2 14 22 19 15

CFT Vaginal mucus 8 14 20 8 25 10 26 9
Feces 9 4 18 3 15 4 18 4
Milk 8 11 23 8 25 14 22 7
Any route 4 23 11 12 18 21 15 16

a �, seronegative at D15 and D30; �, other profiles (both positive results;
seropositive or seronegative conversion).

b �, samples tested PCR negative at D15 and D30; �, at least one PCR-
positive sample was present.

c The first sign of the patterns “� �”, “� �”, “� �,” and “� �” corresponds
to the serological profile obtained with the considered test, and the second sign
corresponds to bacterial shedding through the considered route.
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negative, as 12 of 19 (63%) of these positive shedders were
seronegative. No association was observed between the indi-
vidual shedding status and the serological profile for aborting
goats. Nevertheless, the proportion of milk PCR-positive re-
sults increased with increasing IFA titer (�2 � 7.3; P � 0.007)
for aborting animals (Fig. 1). For nonaborting animals, the
proportion of milk positive shedders increased significantly
with both the IFA titer (�2 � 10.4; P � 0.001) and the ELISA
%OD (�2 � 9.5; P � 0.002). The proportions of positive
shedders for the two other routes decreased with increasing
ELISA %OD and with IFA titer. However, these trends were
less marked and nonsignificant.

No particular trend according to CFT titer was observed,
whatever the shedding route, for either nonaborting or abort-
ing goats. Thus, the milk and vaginal-fecal shedding routes in
nonaborting animals appeared to be differently linked with
IFA and ELISA serological status.

DISCUSSION

The shedding of C. burnetii by ruminants is an important
public health threat. However, possible control measures are
difficult to apply and evaluate because of a lack of epidemio-
logical information and simple tools to identify shedders. To
our knowledge, this is the first study aimed at describing the
global proportion of shedders and assessing the relationships
between C. burnetii shedding routes and serological responses
among herds of goats with cases of abortion.

This investigation showed the identification of 60% (72/120
goats) of goats shedding C. burnetii into vaginal mucus, feces,
and/or milk taken from animals distributed in eight herds in
different locations in France (Table 1). This estimated preva-
lence of shedders confirmed that after an abortion episode,
goats constitute an important risk of direct or indirect exposure

within and between herds and to the human population (19, 20,
35–37). Furthermore, a study showed that bacteria were shed
by some goats for almost 4 months after an outbreak and also
at the two successive parturitions (9). Adding to the problem of
long-term shedders is that of environmental contamination
persistence.

No significant differences in the proportions of C. burnetii
shedders were found between aborting and nonaborting goats
(Table 1). These findings are consistent with another study
performed on cows sampled less than 2 months after Q fever
abortion or calving (15). Therefore, after a Q fever outbreak,
herds may contain more than one-half goats without charac-
teristic clinical signs but excreting C. burnetii. Such information
shows that it is important to pay attention to both goats that
abort and those that deliver normally. The latter might trans-
mit the bacteria to neonates in the first month of life during
suckling, but little is known about infection by the oral route.
Nevertheless, the observation of apparently healthy goats
shedding bacteria in the vaginal mucus and feces could be a
potential source of environmental contamination. In France,
abortions in ruminants are notifiable. C. burnetii is diagnosed
as a cause of abortion, but not systematically. A Q fever abor-
tion report is usually recommended for an area when an in-
crease in human cases has occurred. The findings in the
present study suggest the use of sanitary precautions for dis-
eased animals for limitation of C. burnetii transmission within
the herd, but also, animals from a herd with abortions due to
C. burnetii should not be transferred to other herds. However,
the period of application is difficult to estimate and is depen-
dent on control measure efficacy, which still remains to be
defined. Recently, in The Netherlands, a ban on spreading
manure during the 3 months following the detection of Q fever
at a farm was imposed (37).

FIG. 1. Results obtained for samples taken concomitantly from goats tested for the presence of Coxiella burnetii DNA by PCR and for
antibodies against Coxiella burnetii by three different serological tests (ELISA, IFA, and CFT). Circles and thin line, vaginal mucus samples;
squares and dashed line, fecal samples; triangles and thick line, milk samples. Aborting animals (top) were sampled at D15 and D30 after the
abortion peak. Samples from nonaborting animals (bottom) were taken at D15 and D30 after parturition or during the last gestation month, with
the date of parturition being calculated from that of covering.
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Our study showed that no particular route of bacterial shed-
ding was dominant in either aborting or nonaborting goats,
which is in good agreement with data recently obtained for
bovine herds (15). Thus, all three routes need to be investi-
gated before the C. burnetii shedding status of an animal can be
classified. Our study also showed a preponderance of shedding
negativity or positivity after an interval of 15 days, ranging
from 62 to 100% of goats, depending on the route tested.
These observations are consistent with discontinuous C. bur-
netii shedding, which has already been noted in goats (3, 4, 9,
10). Thus, false-negative results may be obtained if only a
single sampling time is chosen for shedder identification.

Analysis of the relationships between the PCR results for the
three routes indicated that different pairs of shedding routes
gave different results. A statistically significant concordant
shedding status was obtained more frequently for vaginal and
fecal routes (81%) than for vaginal and milk routes (49%) or
fecal and milk routes (49%) in both aborting and nonaborting
goats (Table 2). In a recent study, it was observed that goats
from one clinically affected herd shed bacteria in vaginal mu-
cus and feces, whereas goats from two asymptomatic herds did
not (31). Taken together, these findings suggest that shedding
route modalities are more likely to be associated with the
clinical or latent form of Q fever at the herd level than at the
individual goat level. Future testing programs should be car-
ried out on herds without a history of Q fever abortions.

Several studies suggested that animals may shed C. burnetii
without infectious antibodies being detectable (1, 4, 8, 11, 14,
16, 17). In this study, a large proportion of discordant PCR and
serological results was observed during the study period.
Among the 72 positive shedders, 18, 17, and 28 presented a
negative serological profile with the ELISA, IFA, and CF tests
used, respectively (Table 3). According to ELISA, IFA, and
CFT, the seronegative shedders were distributed in five, four,
and seven of the eight herds, respectively. A possible link could
not be observed between the occurrence of these animals and
an episode directed mainly at primiparous goats. Thus, the
capacity and therefore potential interest of these serological
tools to determine currently shedding animals were inade-
quate. Previous serological data showed strong relationships
between all ELISA and IFA results and abortion, but these
tests cannot provide evidence of Q fever abortion at an indi-
vidual level (32). Serological testing seems rather useful for
carrying out preliminary surveys of infection.

In this investigation, there were no significant trends in the
serological profiles of aborting goats with regard to the shed-
ding route, with the proportion of strong responses being high,
as mentioned above. Among nonaborting goats, the proportion
of C. burnetii shedders into milk was apparently linked to a
strong antibody response, whereas a nonnegligible proportion
of seronegative goats excreted bacteria in the vaginal mucus or
feces. These milk and vaginal-fecal shedding observations
could imply that in accordance with the tropism of C. burnetii
for the mammary glands and for the genital and digestive
tracts, very different types of antibodies could be involved. It
was reported that the detection or lack of detection of various
anti-C. burnetii antibodies depended essentially on the antigen
used (8, 21, 32). We believed that some types would not be
revealed by the tests used in our study. The relationships be-
tween routes and serological responses need to be studied

thoroughly but did not appear of interest for screening of
shedders. PCR is thus the method of choice to trace shedders.

In conclusion, positive shedding and a negative serological
response were observed for at least one-quarter of the tested
animals. The results revealed that PCR testing should be done
at different times and with different types of samples in order
to not miss shedding goats. Nevertheless, the statically sup-
ported results presented here might be useful to elaborate a
surveillance program. The sample size could be calculated
according to the shedding goat proportions obtained. Also, the
results provided an estimation of the false-negative result pro-
portions if testing is based on only one type of biological
sample. For cost and practical reasons, a screen might be
performed on vaginal swabs upon a Q fever outbreak and
successive parturitions. In the veterinary communities, a na-
tional project has been initiated for implementation of medical
and sanitary control measures and their evaluation. Clinically
affected livestock are firstly targeted. The obtained findings
could also facilitate future experiments with goats to study the
efficacy of inactivated phase 1 vaccines (2), antibiotic treat-
ment, sanitary precautions, and disinfection measures against
Coxiella in the environment.
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